Abbreviations mDIXON Modified DIXON fat/water imaging sequence LF-PRIDE Low-fat Philips Research Integrated Development Environment
To the Editor: We welcome the comments of Hollingsworth et al [1] , as the role of pancreas fat content in type 2 diabetes has become a hotly debated issue with diverse non-invasive measurement techniques providing seemingly contradictory results [2] . Although several fat/water imaging techniques have been proposed for assessing pancreatic fat content, including 2-point or multi-echo DIXON [3, 4] and fat-selective imaging techniques [5, 6] , there is still no consensus or agreement on what constitutes a valid clinical measurement technique for non-invasive assessment of pancreatic fat. Here we respond to the issues raised and provide data comparing the 2-point 3D modified DIXON (mDIXON) method used in our publication [2] with the 3-point 2D DIXON method used by Hollingsworth et al [4] . We also demonstrate the importance of using noise bias correction when measuring pancreas fat.
The first issue raised is that the 2-point mDIXON method yielded negative values for the fat fraction in the pancreas, which could indicate poor performance of the method. We have validated the 2-point mDIXON method in vitro using fat-water phantoms and in vivo by comparing with proton magnetic resonance spectroscopy ( 1 H-MRS) measurements [7] . In addition, as already demonstrated [2] , the reproducibility of the 2-point mDIXON method was comparable to that of 1 H-MRS. The negative pancreas fat values are likely to be the result of using a noise bias correction algorithm called lowfat Philips Research Integrated Development Environment (LF-PRIDE) (Philips, Best, the Netherlands), which seemingly produces a more Gaussian noise distribution, which therefore results in statistically valid negative values. The noise distribution without noise bias correction is Rician, i.e. there are no negative values, which can lead to artificially high fat fractions when using DIXON techniques [8] .
The second issue raised by Hollingsworth et al is that we reported no fat within pancreatic parenchymal tissue, which contradicts their findings of a 3.3-6.2% fat fraction in the pancreas of type 2 diabetic humans [1] . In our paper, we stated that the MRI measurements revealed regions of parenchymal tissue void of any relevant lipid accumulation in all participants, which can be taken as evidence against a uniform pancreatic steatosis. However, the pancreatic fat fraction of type 2 diabetic humans (obtained with the 2-point 3D mDIXON method) was up to 4% in some individuals [2] . Thus, it is misleading for Hollingsworth et al to claim that we suggest that there is no fat within the pancreatic parenchymal tissue. The lower pancreas fat fraction reported by us [2] compared Hollingsworth et al [1] is probably due to the noise bias, which does not seem to be corrected for in their method [4] .
The third issue raised is that all measurements should have been carried out using a properly established 3-point DIXON technique to remove differences related to spectroscopic and imaging methods. As both 1 H-MRS [9] and DIXON MRI [3] [4] [5] [6] techniques have been used to measure pancreas fat previously, it was deemed appropriate to use both methods simultaneously. Furthermore, as previous studies have shown that 1 H-MRS and MRI techniques may produce conflicting results for pancreatic fat measurements [9] , the inclusion of both techniques in a study can provide additional clarity into the role of pancreas fat in type 2 diabetes. As all methods were analysed separately [2] , the methodological differences are isolated and do not constitute a technical problem.
To clarify the seemingly contradictory results between our publication [2] and those of Hollingsworth et al [1] , we measured pancreas fat content in three non-diabetic and three type 2 diabetic volunteers with both the 2-point 3D mDIXON [2] and the 3-point 2D DIXON [4] Fig. 1 . These results highlight that without noise bias correction the resulting pancreas fat fraction can be overestimated by up to 5% points, in both the 2-point and 3-point methods.
Furthermore, our results are in line with current histological studies in human pancreases, as described in detail within the discussion of our publication [2] . Even though evidence for pancreatic intracellular fat accumulation has been found in animals [10, 11] , other studies have failed to reproduce these results [12] , and we have found no documented evidence of intracellular pancreatic fat accumulation in humans. As already mentioned, we do not claim that there is no fat in the parenchymal pancreas, and our results do not exclude the possibility of low levels of triacylglycerols [2] . Nevertheless, Pinnick et al [10] attributed the triacylglycerol content of the human pancreas to adipocyte infiltration, which was also independent of glycaemic status. In addition, a recent study using a multi-echo proton density fat fraction technique with noise bias correction also reported that pancreas fat was inhomogeneously distributed and independent of glycaemic status [13] , further corroborating our findings.
In conclusion, noise bias can lead to an apparently high and even distribution of fat in the pancreas, which disappears after correction in both 2-point and 3-point DIXON images. We also found no difference in the performance of the 2-point and 3-point DIXON methods when measuring pancreas fat, indicating that methodological issues did not impair our measurement results or limit our conclusions. The role and regulation of adipocyte infiltration and intracellular pancreatic fat in the development of type 2 diabetes needs further research. Unfortunately, current non-invasive MRI and MRS techniques cannot distinguish between these two fat depots, which may or may not coexist within the pancreas, although our data support the view of a predominant role of adipose tissue infiltration to explain pancreatic triacylglycerol accumulation. Duality of interest The authors declare that there is no duality of interest associated with this manuscript.
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